Light-mediated signal transduction in bovine retinas serves as a model system for studying G protein-coupled receptors (2) . On absorption of light, rhodopsin (R), a membrane-bound photoreceptor protein, undergoes a conformational change becoming activated (R*). Transducin, a heterotrimeric guanine nucleotide-binding protein (G protein), binds to R* and, upon dissociation, initiates an amplification cascade that ultimately leads to the induction of a neural impulse. R* also becomes phosphorylated, yielding P-R*. Complete shutoff of the signal occurs when arrestin (S-antigen), a soluble approximately 45-kDa retinal protein, binds to P-R * , competitively inhibiting further binding of transducin.
The binding of arrestin to P-R* has typically been measured following centrifugation to separate arrestin bound to rhodopsin-containing membranes from unbound arrestin that remains in solution (5) or following size-fractionation where arrestin bound to membrane fragments elutes in the void volume of a Sepharose ® 2B column (Pharmacia Biotech, Piscataway, NJ, USA) (1). Although these assays can be performed with relative ease, they have certain drawbacks. Samples must be centrifuged for 15-30 min at relatively high speeds, and the membranes are often not completely separated from the supernatant, making quantification more difficult. The use of Sepharose 2B columns is time-consuming and tedious, especially when multiple samples are needed to test a variety of conditions. Furthermore, the concentrations of proteins eluting from the gel are diluted during the chromatography. Thus, large quantities of the individual proteins must be used in the reaction mixture to visualize and quantify the proteins on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels. Since these proteins require substantial purification, the use of large amounts of protein is expensive. Here we describe a method where MicroSpin ™columns (Pharmacia Biotech) can be used to separate arrestin that binds to rhodopsin-containing membranes from unbound arrestin. This method can be performed more quickly and with smaller amounts of proteins than other typically used methods.
Standard protocols were used to prepare rod outer segment membranes (ROS) containing rhodopsin (4) , phosphorylated rhodopsin in ROS (6) and arrestin from bovine retinas (6) . Reaction mixtures included 22.1 µ M phosphorylated rhodopsin and 19.6 µ M arrestin, in 100 mM NaPO 4 , pH 7.0, 100 mM NaCl, 1 mM MgCl 2 , 0.1 mM EDTA and 0.5 mM dithothreitol (DTT). Reaction mixtures were placed on ice and sonicated for 2 min with a Microson ™ Ultrasonic Cell Disruptor (Heat Systems Ultrasonics, Farmingdale, NY, USA) that was equipped with a microprobe. The cell disruptor was set at 6.5 to produce small vesicles, thereby preventing nonspecific precipitation of membranes on the columns. One sample was exposed to light for 2 min to activate rhodopsin molecules, and an equivalent sample remained in the dark and served as a non-binding control. Aliquots of the reaction mixture (200 µ L) were loaded onto a 2-mL Sepharose 2B column and developed in dim red light as described earlier (6) .
The MicroSpin columns were prepared using Sephacryl ® S-400-HR (Pharmacia Biotech) that had been equilibrated in buffer (25 mM TrisHCl, 100 mM NaCl, pH 7.0). (The particular buffer used is unimportant because the binding of arrestin to P-R* is equivalent in buffers of approximately pH 7.0 containing 100-200 mM salts [unpublished results].) A slurry was prepared such that 0.8 mL of slurry added to an empty MicroSpin column yielded 0.69 mL of a gravity-settled bed volume and 0.5 mL bed volume after a 1 min pre-spin at 735 ×g . Before adding the reaction mixture, MicroSpin columns were placed into 1.5-mL snaptop microcentrifuge tubes, with the tops removed, and spun for 1 min at 4°C in a J2-21M centrifuge (Beckman Instruments, Fullerton, CA, USA) equipped with a JS-13 swinging bucket rotor and adapters to accommodate the microcentrifuge tubes. The lid was left off the rotor to permit the buckets to swing freely. After the pre-spin, the microcentrifuge tubes were replaced with new, dry tubes, and 90-µ L aliquots of the reaction mixtures were loaded onto the MicroSpin columns. The MicroSpin columns containing dark samples were placed in the centrifuge and were kept in the dark while the MicroSpin columns containing light samples were put on ice and illuminated for 2 min from a distance of about 15 cm with a 150-W flood lamp. Under dim red light, the light samples were placed in the centrifuge, and all samples were spun at 735 × gfor an additional 2 min. The volume required for optimal collection of the void volume with minimal breakthrough of retained products should be tested for each batch of slurry prepared. The commercially packed columns are optimal at 75-µ L loads. SDS-PAGE using the Laemmli system (3) was performed on 20-µ L sub-samples of the eluants diluted with an equal volume of 2 ×denaturing buffer. The denatured samples (40-µ L) were loaded on a 10% gel and run for 1 h at 150 V. Proteins were visualized by staining with 0.0125% Coomassie Brilliant Blue R ® -250 as described previously (6) .
In the dark controls, a rhodopsin band was visible, but very little arrestin was detected since arrestin could only bind tightly to light-activated, phosphorylated rhodopsin (Figure 1, lanes 2 and  4) . However, in the light-exposed samples, an arrestin band was visible, (Figure 1, lane 3) . This is attributed to the lack of dilution of the eluant from the MicroSpin columns. The binding was quantified by densitometry (6) . To compare samples, arrestin staining was normalized to rhodopsin staining by calculating the ratio of the two proteins. In the dark controls, little arrestin was present, with arrestin/rhodopsin ratios of 0.07 ± 0.04 ( n= 2) using the Sepharose 2B columns and 0.08 ± 0.01 ( n= 3) using the MicroSpin columns. The light-activated samples contained similar but higher arrestin/rhodopsin ratios of 0.27 ±0.03 ( n= 3) and 0.35 ±0.03 ( n= 3) using the Sepharose 2B and MicroSpin columns, respectively. There appears to be a slight enhancement of arrestin binding, which may be because of the shorter time required for analysis using the MicroSpin column allowing less time for the decay of P-R* and subsequent dissociation of arrestin.
In conclusion, MicroSpin columns can be used to measure protein-protein interactions between membrane-bound receptor proteins such as rhodopsin and soluble proteins. The analysis is rapid because MicroSpin columns require only 2 min for separation compared to 20 to 30 min for Sepharose 2B columns. Since the separation is more rapid, it minimizes the decay of lightactivated rhodopsin. This separation is also economical since small amounts of proteins can be used in the binding assays because there is virtually no dilution of eluant from the columns. Finally, should effectors of the binding reaction be tested, much less of the effector will be required to equilibrate the MicroSpin column as compared to the Sepharose 2B column.
Importance of Liposome Complexing Volume in Transfection Optimization
BioTechniques 21:792-798 (November 1996) The best liposome-mediated transfection results are achieved by optimizing several parameters for each cell line, including the amount of lipid, the amount of DNA, the exposure time of cells to the DNA-liposome complexes and cell density (4, 5) . Our laboratory observed that the DNA-liposome complexing volume can also affect transfection efficacy. Optimizing this additional parameter can increase liposome-mediated transfection efficacy twofold to threefold.
Plasmid DNA used for the transfections were prepared by purification on QIAGEN ® columns (Qiagen, Chatsworth, CA, USA). The plasmids used were pCMV-β -Gal, a vector that expresses β -galactosidase under the control of the cytomegalovirus promotor (a gift from K. Chien, University of California, San Diego) and pRC/RSV (Invitrogen, San Diego, CA, USA). The plasmid pRC/RSV was used to simulate a co-transfection experiment with two plasmids. Cells were transfected with 1 µ g pCMV-β -Gal and 1 µ g pRC/ RSV vector plasmid per 35-mm dish unless noted.
Dimethyldioctadecyl-ammonium bromide (DDAB) and 1,2-dioleoylsn-glycero-phosphatidylethanola mine (DOPE) lipids were purchased from Fluka Chemical (Ronkonkoma, NY, USA). The DDAB:DOPE liposomes were prepared by the injection of an ethanolic solution of the lipids into an aqueous solution (1) .
The cell lines used were COS-1, a simian virus 40 (SV40) transformed monkey kidney cell; BEN, a human lung cancer cell line; T-47D, a human breast cancer cell line; and SK-N-BE [2] , a human neuroblastoma cell line. None of these cell lines express detectable amounts of endogenous β -galactosidase. The media used were Dulbecco's modified Eagle media (DMEM; Life Technologies, Gaithersburg, MD, USA) either serum free (DMEM-SF) or supplemented with 10% fetal bovine serum (FBS; Intergen, Purchase, NY, USA). Cells were plated 24 h before transfection using 2-4 ×10 5 cells per 35-mm well in a 6-well plate format in a 37°C humidified incubator with 5% CO 2 . Transfections were performed in triplicate on exponentially growing cells that were at 60%-80% confluency.
By transfecting cells using lipid: DNA ratios of 6:1, 12:1 and 18:1 (nmol lipid to µ g DNA), the optimal ratio of lipid to DNA was determined to be 12:1. Based on this ratio, 24 µ L of a 1 µ mol/mL liposome solution was placed in 10-×75-mm round-bottom polystyrene tubes, and a series of dilutions were made with DMEM-SF. To each of these tubes, 2 µ g of plasmid DNA in
